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RADATION DETECTOR ELEMENT 

FIELD OF THE INVENTION 

0001. The present invention generally relates to a radiation 
detector element and a method of constructing a radiation 
detector element. It also relates to an imaging system com 
prising at least one radiation detector element. Furthermore it 
relates to a transversal attachment method. 

BACKGROUND OF THE INVENTION 

0002 Detectors for detecting electromagnetic radiation 
Such as X-rays or visible light are used in many applications, 
including medical and security imaging, astrophysics and 
cameras. One example of a radiation detector is disclosed in 
U.S. Pat. No. 7,968,853. The so-called double decker detec 
tor described therein comprises a two-dimensional array of 
stacked Scintillators facing an X-ray source. Active areas of 
photodiodes are optically coupled to the stacked Scintillators. 
The photodiodes and scintillators are oriented transversely 
with respect to a Substrate, which usually is in connection 
with application-specific integrated circuits (ASICs) and out 
put electronics. 
0003. The photodiodes are supported by the substrate 
through electrically conducting connections. This requires a 
high precision combined with Sufficient mechanical strength. 
Known connections comprise a metallic spike (usually a 
series of stacked stud bumps) attached to the photodiode 
which penetrates into a deposit of conductive adhesive on the 
Substrate. However, it has proven to be a challenge to con 
struct sufficiently accurate and reliable connections that are 
mechanically strong and/or without poor contacts, opens and 
shorts using this construction method, while maintaining Suf 
ficient flexibility to withstand mechanical, thermal and rota 
tional stresses. 
0004. These issues are also often encountered with other 
(micro)-electronic or (micro)-mechanic applications wherein 
pieces need to be reliable fixed in a transverse orientation with 
respect to each other. 

SUMMARY OF THE INVENTION 

0005. The present invention provides a radiation detector 
element comprising at least one photodiode having a first 
main Surface extending along a first main axis and a detector 
element Substrate having a second main surface extending 
along a second main axis which is oriented transversally with 
respect to the first main axis, wherein the photodiode is in 
electrical contact with the detector element substrate through 
at least one connection, wherein the connection comprises 
two fused solder balls, wherein a first of each of the two fused 
solder balls contacts the photodiode and a second of each of 
the two fused solder balls contacts the detector element sub 
strate. Such a radiation detector element is sturdily con 
structed, wherein the photodiode is transversely connected to 
the detector element with electrically reliable and mechani 
cally strong, yet Sufficiently flexible connections. 
0006. In an embodiment of the radiation detector element 
of the present invention the first main axis of the photodiode 
is oriented substantially perpendicular with respect to the 
second main axis of the detector element Substrate. According 
to an embodiment of the radiation detector element of the 
present invention the first main Surface lies in a first plane and 
the second main Surface lies in a second plane, wherein the 
first plane and second plane are aligned transversely with 
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respect to each other. In further embodiment of the radiation 
detector element of the present invention comprise a scintil 
lating material coupled to the photodiode, wherein the Scin 
tillating material preferably comprises two stacked Scintillat 
ing layers. Another embodiment of the radiation detector 
element of the present invention comprises a radiation shield 
ing element coupled to the photodiode, preferably a shielding 
element comprising tungsten. In another embodiment the 
radiation detector element of the present invention comprises 
at least 32 connections, preferably comprising at least 36 
connections, and, comprising at least 16 photodiodes. These 
embodiments, individually or combined, are similar to known 
radiation detector elements, but with an improved connection 
between the photodiode and the detector element substrate. In 
another embodiment of the radiation detector element of the 
present invention a composition of the first solder ball and/or 
the second solder ball comprises Bismuth, preferably a Bis 
muth-Tin alloy. Solder balls with this composition are par 
ticularly suitable, since this composition has a relatively low 
melting temperature, such that operating temperatures or 
high temperature exposure to melt the solder balls can be kept 
as low as possible during manufacture or processing, Such 
that Surrounding materials and structures are not degraded, as 
well as reducing energy costs. Furthermore, a desired 
mechanical strength can be obtained by varying a Bismuth 
content. Even more preferable the Bismuth-Tin alloy would 
be a Bismuth-Tin-Indium alloy, since Indium lowers the melt 
ing temperature even further. 
0007. The present invention is further directed towards a 
medical imaging device comprising at least one radiation 
detector element according to the present invention. The 
medical imaging device may be a computed tomography 
device. Such a medical imaging device has more reliable 
detector elements, which may reduce construction costs and 
possible future repair or replacement costs or increase life 
time of the device. 

0008. The present invention is further directed towards a 
method for constructing a radiation detector comprising at 
least one photodiode having a first main Surface extending 
along a first main axis and a detector element Substrate having 
a second main Surface extending along a second main axis; 
the method comprising the steps of applying a first solder ball 
to the first main surface of the photodiode; applying a second 
solder ball to the second main surface of the detector element 
substrate; flattening said first solder ball and/or said second 
solder ball; positioning the photodiode such that the first main 
axis is oriented transversally, at an angle C, with respect to the 
second main axis, wherein the first solder ball and the second 
solder ball are placed in proximity with respect to each other, 
such that the first solder ball will wet the second solder ball 
when it expands upon a heating; heating the first solder ball 
and the second solder ball to a temperature above the melting 
point of the first solder ball and the second solder ball. This 
method provides a radiation detector element that is sturdily 
constructed, wherein the photodiode is transversely con 
nected to the detector element with electrically reliable and 
mechanically strong, yet sufficiently flexible connections. 
0009. An embodiment of the method for constructing a 
radiation detector comprises applying a scintillating layer 
and/or a shielding layer to the photodiode to result in a pho 
todiode that is similar to known radiation detector elements, 
but with an improved connection between the photodiode and 
the detector element substrate. Inafurther embodiment of the 
method for constructing a radiation detector the angle C. is 
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between 80° and 90°, preferably between 85° and 90°, more 
preferably between 89° and 90° and most preferably between 
89.5° and 90°. By off-setting the angle C, a shrinkage of the 
solder balls due to heating is taken into account to arrive at a 
photodiode that is nearly perfectly aligned perpendicularly 
with respect to detector element Substrate according to a 
preferred embodiment of the radiation detector element 
according to the present invention. 

0010. The present invention is further directed towards a 
method to transversely attach a first piece to a second piece, 
wherein the first piece has a first main Surface extending along 
a first main axis and the second piece has a second main 
Surface extending along a second main axis; the method com 
prising the steps of applying a first solder ball to the first main 
Surface of the first piece; applying a second solder ball to the 
second main Surface of the second piece; flattening said first 
solder ball and/or said second solder ball; positioning the first 
piece such that the first main axis is oriented transversally, at 
an angle C, with respect to the second main axis, wherein the 
first solder ball and the second solder ball are placed in prox 
imity with respect to each other, such that the first solder ball 
will wet the second solder ball when it expands upon a heat 
ing; heating the first solder ball and the second solder ball to 
a temperature above the melting point of the first solder ball 
and the second solder ball. With this method two pieces may 
be sturdily attached transversely with respect to each other 
with electrically reliable and mechanically strong, yet suffi 
ciently flexible connections. 
0011. In embodiments of both main methods the step of 
flattening the first solder balls and/or second solder ball com 
prises pressing the first and/or second solder ball, preferably 
heated pressing at a temperature below the melting tempera 
ture of the first and/or second solder ball or solder balls to be 
pressed. Pressing attemperatures between ambient tempera 
ture and just below melting temperature of the solder balls 
result in a flattening step that is as little thermally taxing on 
Surrounding materials and structures. Pressing can be done 
with less mechanical strength if pressing occurs at elevated 
temperatures (but below the melting temperature(s) of the 
solder balls), which reduces risks of possible damage due to 
pressing. In further embodiments of both main methods the 
first solder ball and the second solder ball have a diameter 
smaller than 500 microns, preferably approximately 300 
microns. Commercially available solder balls with such a 
diameter are readily available. In further embodiments of 
both main methods the step of heating comprises laserheat 
ing. This allows for exact, local and well-timed heating of the 
solder balls with as little heat exposure to Surrounding mate 
rials and structures. In further embodiments of both main 
methods there are at least two first solder balls and at least two 
second solder balls which in the step of heating are heated 
simultaneously. This allows for a fast process and a reduced 
throughput time. 
0012. In further embodiment of both main methods the 
solder ball may be flattened to approximately a third of an 
original solder ball diameter. This allows for a good balance 
between necessary pressing conditions and wetting proper 
ties upon heating. 
0013 Still further aspects and embodiments of the present 
invention will be appreciated by those of ordinary skill in the 
art upon reading and understanding the following detailed 
description. Numerous additional advantages and benefits 
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will become apparent to those of ordinary skill in the art upon 
reading the following detailed description of preferred 
embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014. The present invention is illustrated by drawings of 
which 
0015 FIG. 1 shows a schematic depiction of a medical 
imaging device, specifically a computed tomography device 
(prior art). 
0016 FIG. 2 shows a schematic perspective view of a 
radiation detector according to the present invention. 
0017 FIG. 3 shows a schematic side view of a radiation 
detector according to the present invention. 
0018 FIG. 4 shows a schematic side view of a structure 
comprising two pieces that are transversely attached by two 
fused solder balls according to a method of the present inven 
tion. 
0019 FIG. 5 shows a schematic depiction of a method to 
transversely attach two pieces according to the present inven 
tion. 
0020. The invention may take form in various components 
and arrangements of components, and in various process 
operations and arrangements of process operations. The 
drawings are only for the purpose of illustrating preferred 
embodiments and are not to be construed as limiting the 
invention. To better visualize certain features may be omitted 
or dimensions may be not be according to scale. 

DETAILED DESRIPTION OF EMBODIMENTS 

0021. In the following, various aspects of the present 
invention are explained using a Scintillator-based detector for 
a computed tomography device as a non limitative example. 
The skilled person would understand that the present inven 
tion is not limited to this example, but may be extended 
widely to cover other medical and non-medical imaging 
devices and other radiation detectors, including direct con 
version detectors and optical radiation detectors. Even more 
generally, the described construction methods may be rel 
evant for other (micro)-electronic and (micro)-mechanical 
devices in which there is a need for a reliable transversal 
attachment of two pieces. Such as single-in-line memories for 
microprocessors. 
0022 FIG. 1 shows a schematic depiction of a medical 
imaging device, more particularly a computed tomography 
device 1. An X-ray radiation detector 2 and an X-ray source are 
mounted on a rotatable gantry 3. A Subject to be scanned. Such 
as a patient, is positioned on movable bench 5, which during 
scanning moves through examination region 6, while gantry 3 
rotates around the examination area and X-ray Source 3 emits 
X-ray radiation. The X-ray radiation which passes through the 
subject is detected by X-ray detector 2, in which the detected 
X-ray radiation is converted to electronic information that is 
further processed in further processing equipment (not 
shown) to visual information which is displayed to a user, 
Such as a physician. 
0023 Detector 2 may convert X-ray radiation into elec 
tronic information using various different principles, such as 
Scintilation, in which X-ray radiation is converted into radia 
tion at another wavelength. The radiation is then fed into an 
optically coupled photodiode, which reemits the radiation as 
electrons (the photoelectric effect). An alternative conversion 
method is direct conversion, in which X-rays are directly 
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converted into electrons in a direct conversion material (Such 
as Cadmium Zinc Telluride or Cadmium Telluride). In some 
configurations Scintillators, photodiodes and/or direct con 
version layers are oriented transversely (usually substantially 
Vertically) with respect to a Substrate for various reasons (e.g. 
improved radiation trapping, pixel size reductions, etc.). The 
electronic information is electrically transmitted to the sub 
strate, from which it is further transmitted to the further 
processing equipment. Therefore, the vertical pieces need to 
be in reliable electrical contact at discrete locations with the 
Substrate. At the same time mechanical connections between 
the vertical piece and the substrate needs to be sturdy. This is 
not trivial, since the vertical piece usually does not directly 
contact the substrate (to avoid electrical shorts), but is only 
connected through a series of connections. These connections 
need to be electrically conducting and mechanically strong, 
yet sufficiently flexible to hold the weight and resist potential 
rotation of the vertical piece. 
0024. An example of a photodetector 2 is shown in FIGS. 
2 and 3. These figures both depict an active part of a so-called 
double-decker detector element in Schematic perspective and 
side view respectively. A photodetector usually comprises 
several of these detector elements. As can be seen as a non 
limitative example, such a photodetector comprises a Sub 
strate 21. The substrate may be coupled to further processing 
equipment (Such as an ASIC) and to mounting means to 
mount the detector element on another structure. Such as the 
gantry 4, and further electric wiring and connections. The 
photodetector further comprises a photoconversion element, 
in this example a scintillator 23, and shielding elements 24. 
X-ray radiation is detected using a Scintillator stack 23, which 
comprises two vertically stacked scintillators 231, 232, each 
sensitive to X-ray radiation with a different wavelength. The 
scintillator stack 23 is optically coupled to photodiode 22. A 
shielding element 24 (usually a tungsten shielding element) 
may be attached to the photodiode 22 to shield the photodiode 
22 itself from direct X-ray irradiation (to avoid direct conver 
sion of X-rays within the photodiode). The shielding element 
24 is usually attached to a side of the photodiode that is 
opposite to the side facing the scintillator 23. The shielding 
element usually extends beyond and over the top of the pho 
todiode 22 to optimally shield the photodiode 22 from direct 
irradiation. The photodiode 22 is coupled to the detector 
element substrate 21 through a row of n connections 25, 
wherein each connection may be electrically conductive; in 
may range from 1 to at least 32, since this provides sufficient 
connections and connective strength. Most preferable, n is 36 
to allow for further electrical or non-electrical contacts. The 
connections are preferable Substantially evenly spaced on a 
main surface of the photodiode 22. The terms evenly spaced 
and substantially evenly spaced should be understood in the 
context of this invention as having a same distance between 
two objects with a variation of up to 10%, preferably with a 
variation of up to 5%, more preferably with a variation of up 
to 2% and most preferably with no variation, wherein the 
variation may be in either direction (shorter or longer dis 
tances). An orientation of a main axis 422 of a main Surface 
421 of the photodetector 22 is transverse, preferably substan 
tially perpendicular, with respect to a main axis 411 of a main 
surface 412 of the detector element 21. Said orientation is 
preferably exactly 90 degrees, but may have a maximum 
variation of 1 degree to either side to still obtain a well 
working photodetector. 
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0025. A detector element 2 normally comprises at least 
one photodiode, but usually comprises a parallel row of p 
Scintillators, photodiodes and shielding elements on one 
detector element Substrate 21, wherein p ranges from 2 to at 
least 16; p is preferably 16, but may also be higher or lower. 
0026. As can be seen most clearly in FIG. 3, in this 
example the substrate 21 and the photodiode 22 are only 
connected through the connections 25 and are not in direct 
physical contact with each other. Therefore the mechanical 
burden is fully on the connections 25, which need to have 
sufficient strength, but still need to be slim and allow for some 
elasticity. 
0027. In this particular embodiment the photodiodes 22 
are each 6 mm high, 18 mm wide and 100 micron thick, p is 
16, n is 36 and the connections 25 are all electrically conduc 
tive connections according to the present invention that are 
evenly spaced with a spacing of 500 microns with a variation 
of less than 1%. This results in a particularly well-tested 
embodiment, but the present invention certainly allows for 
Scaling towards Smaller (or larger) solder ball dimensions 
and/or spacings. In this embodiment the photodiodes 22 are 
perpendicularly oriented with respect to the substrate 21 at an 
angle between 89.5 and 90.5 degrees. 
0028 FIG. 4 depicts a close-up of a connection 25. A 
single connection 25 comprises fused solder balls 45 fused 
from a first solderball 451 and a second solder ball 452. In the 
context of this invention the terms first solder ball and sec 
ond solderball may mean non-fused separate first and second 
solder balls, as well as portions of a fused solder ball that 
generally correspond to the original respective first and sec 
ond solder balls. It may also be used in the context of this 
invention for flattened (coined) first or second solder balls. 
The fused solder balls 45 each contact the main surface 421 of 
piece 42 (which is photodiode 22 in this particular example) 
with first Solder ball 451 of the fused solder ball 45 and the 
main surface 411 of the substrate 41 (which corresponds to 
detector element substrate 21 in this example) with second 
Solder ball 452 of the fused solder ball 45. The term solder 
balls is a commonly known term in the field for which the 
skilled person would understand that the original solder balls 
have a substantially spherical shape, but that each solder ball 
may have a somewhat less perfectly spherical shapes, such as 
Somewhat flattened or oblong shapes. Also, in the context of 
this invention the term solder ball specifically includes suit 
able thermally meltable or fusible balls that would normally 
not be associated with a soldering process (e.g. non-metal 
balls, such as organic (e.g. polymeric) balls or inorganic (e.g. 
ceramic) balls). 
0029. In principle, the connections 25 may be composed 
of any material. Such as commonly used Tin-Silver-Copper 
(SAC) alloys. However, due to a limited resistance to high 
temperatures of several materials in micro-electronics and 
specifically in radiation detectors, it is preferred that connec 
tions 45 have a composition that has a relatively low meting 
temperature. Particularly suitable solder ball compositions 
comprise Bismuth, such as Bismuth-Indium (Biln), Bismuth 
Tin (BiSn) or Bismuth-Tin-Indium (BiSnIn), wherein an 
amount of Bismuth generally determines a mechanical 
strength (more Bismuth generally means a higher mechanical 
strength). Preferably eutectic compositions are used. Eutectic 
BiSn is most preferable, since this has a relatively low melting 
point (140 degrees Celsius) while still maintaining high 
strength. Addition of Indium to BiSn allows using even lower 
melting Solders. It is not required, that the composition of the 
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first solder balls 451 is the same as or similar to the compo 
sition of second solder balls 452. In an embodiment of the 
present invention the composition of the to-be-coined solder 
ball has a lower melting temperature (e.g. BiSnIn) than that of 
the other solder ball (which, for instance has a BiSn compo 
sition). This allows for more control on coining, melting 
and/or fusing conditions and properties after coining, melting 
and/or fusing. 
0030 Solder balls 451 and 452 that are fused to fused 
solder balls 45 may have any dimension suitable for a par 
ticular connection. However, if the solder balls are too large, 
a high temperature or a long heating period may be necessary 
to properly fuse them together, which may degrade some of 
the other materials. Therefore, it is preferably to use solder 
balls with a diameter d1,d2 up to 500 microns. Most preferred 
are solder balls with a diameter d1,d2 of 300 microns. This is 
a common diameter for commercially widely available solder 
balls. It is preferred, but not required, that a diameter d1 of 
first solder balls 451 is the same as a diameter d2 of second 
Solder balls 452. 
0031. The closer solder balls 451 and 452 are with respect 
to each other, the stronger the mechanical strength and elec 
tric path is after fusing. However, more energy may be needed 
to fuse the solder balls together. A particularly suitable con 
figuration that balances mechanical strength, electronic con 
ductivity, and processing properties for a radiation detector 
element 2 according to the present invention, is when the 
solder balls 451, 452 have a diameter d1,d2 of 300 microns, 
a gap c between the perpendicular piece 42 and substrate 41 is 
140 microns, a distance a between a middle of the first solder 
ball 451 and the substrate 41 is 280 micron and a distance b 
between a middle of the second solder ball 452 and the per 
pendicular piece 42 is 300 microns. There may be a variation 
of 10% for each of the distances a, b, c in each direction to 
optimally benefit from this configuration. 
0032 FIG. 5 depicts a schematic representation of a 
method to transversely attach a first piece to a second piece 
according to the present invention using constructing a radia 
tion detector element as a non-limiting example. 
0033. In step 501 first solder balls 451 are applied to the 
main surface 421 of the first piece 42, in this example this may 
be a photodiode. In this example 36 first solder balls 451 with 
a diameter of 300 microns are applied with a spacing of 500 
microns along a row along a side of the first piece 42 approxi 
mately 150 microns from the side of the first piece. The first 
solder balls 451 may be applied using various application 
techniques, such as printing techniques (e.g. inkjet-like tech 
niques), stenciling techniques, stamping techniques or any 
other technique common to the skilled person. In this 
example the solder balls 451 were stenciled onto the first main 
surface 421 of the first piece 42. 
0034. In step 511, which may be performed before, simul 
taneous with or Subsequent to the previous step, a row of 
second solder balls 452 are applied to a main surface 411 of 
the second piece 41. The same or similar application tech 
niques may be used as mentioned for the previous step. Spac 
ing between the second solder balls 452 in the row should be 
as much the same as practically possibly as a spacing between 
the first solder balls 451 in the row near the side of the first 
piece. Preferably there is a variation of less than 1 percent. 
Most preferably they are exactly the same. This ensures a 
good spatial orientation between the first solder balls 451 and 
the second solder balls 452. This allows for proper alignment, 
which should result in an optimal connection strength and 
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electrical conductivity. In this example 36500 micron spaced 
second solder balls with a 300 micron diameter were applied 
to the second piece, which in this example detector element 
substrate 21. The second solder balls were in this case applied 
using a jetting (e.g. a ball drop) technique, because there is no 
solder stop on the main surface of 411 the substrate 21. 
0035. In step 502 at least one of the first solder balls 451 or 
second solder balls 452 are flattened to a disc-like shape. This 
is known in the field as coining. The solder balls are flattened 
to ensure that the first solder balls 451 will fuse optimally to 
the second solder balls 452 in heating step 505. When a 
flattened solder ball is melted it will have a tendency, due to its 
Surface energy, to reduce its free surface by reverting back to 
a spherical shape. When thusly expanding flattened molten 
solder balls encounter the other solder balls they will wet 
more efficiently and generate a larger contact Surface com 
pared to the case where both the first and second solder balls 
would have had a spherical shape all the time, since in that 
situation there would be no significant drive to coalesce on 
forehand. It is preferred to coin the first solder balls 451 (see 
also FIG. 3, wherein a flattened first solder ball 451' is 
depicted), since they will usually be in a non-horizontal con 
figuration during heating and the coined solder balls will 
therefore, due to gravity, expand more efficiently towards the 
second molten solder ball 452 then if it were the other way 
around. It is possible, but not required to flatten both the first 
and second solder balls. Any flattening technique known to 
the skilled person may be used to coin the solder balls, but a 
preferred method is to press the solder balls with a heated 
press at a temperature below the melting temperature of the to 
be coined solder balls. This facilitates pressing at limited 
pressing forces, while the solder balls still are relatively 
strong and immobile on the piece and results in well-defined 
and stable coins. The solder balls are preferably flattened to 
approximately one third of their original diameter (with a 
variation of 10 percent). This results in a good balance 
between flattening force and wetting properties. In the present 
example the first solder balls 451 are flattened using a press 
ing temperature just below the melting point of the first solder 
balls 451' to obtain coins with a thickness between 90 and 100 
microns. The second solder balls 452 are not coined in this 
example. 
0036. In step 503, additional materials or layers 43 may be 
applied to the first piece. In this example a photo-conversion 
layer, specifically a scintillator layer 23, which may be a 
scintillator layer comprising a first scintillator material 231 
stacked against a second Scintillator material 232 is applied to 
one side of photodetector 22 and a tungsten shielding layer 24 
is attached to an opposite side of the photodetector 22. Both 
layers may be attached using adhesives, in particular optical 
adhesives. A skilled person would understand that for other 
applications no or different types of additional layers or mate 
rials may be attached to the first piece 42 or to the second 
piece 41. 
0037. In step 504, the main axis 422 of the first piece 42 
and a main axis 412 of the second piece 41 are positioned such 
that they are transverse, at an angle C. The angle C. depends on 
the required final position (after heating). Due to shrinkage 
because of the fusing of the solder balls it is necessary to 
position the first and second piece at a slightly smaller angle 
than the required end position. The first piece 42 and second 
piece 41 should be further positioned such that each of the 
first solder balls 451 in the row of first solder balls on the first 
piece 42 is at least near to one of the second solder balls 451 
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in the row of second solder balls 452 on the second piece 42. 
It is allowed, but not necessary that the first and second solder 
balls touch. The distance should be determined by ensuring 
that the flattened solder ball will sufficiently wet the other 
solder ball when it expands upon a heating. Therefore the 
distance should preferably be smaller than a radius of one of 
the solder balls. In the present example the angle C. is 89.5 
degrees, which results in a nearly exactly perpendicular ori 
entation of the photodiode 22 with respect to the substrate 21 
after fusing. The distance between the flattened first solder 
ball 451 and second solder ball is less than an original (pre 
flattened) radius of both solder balls. 
0038. In step 505 both solder balls are heated above their 
melting temperature to allow them to fuse. The temperature 
should be balanced between sufficiently high to ensure a fast 
fusing process and a short exposure time and low enough to 
avoid thermal damage to other components. Heating may be 
done in various ways, e.g. a (short) stay in a heated atmo 
sphere, contacting the solder balls with a heated element or, 
preferably, using laser heating. With laser heating it is pos 
sible to heat the solder balls accurately and within a short, 
well-defined time period which results in slim connections 
which still allow for some elasticity. The exposure time may 
be controlled by using a shutter system to alternatively block 
an emitted laser beam and let it pass. Also a pulsed laser 
system may be used. The laser beam may be widened, e.g. by 
using a lens system, to allow concerted illumination of a 
whole row of first and second solder balls. This eliminates the 
use of accurate beam positioning systems or multiple laser 
beams. Any laser system may be used, as long as the Solder 
balls absorb sufficient laser energy to raise the temperature of 
the solder balls above their melting temperature(s). Prefer 
ably the first and second pieces are held in their oriented 
position during heating (e.g. by keeping them in means used 
for positioning). After heating the solder balls are allowed to 
cool and stiffen into their final position. 
0039. As illustrated in step 506, this process may be 
repeated to transversely apply more first pieces 42 to second 
pieces 41 in order to make a radiation detector according the 
present invention. Usually 16 photodiodes 22 are applied to a 
detector element Substrate 21. It is not necessary to repeat 
each of the previous steps in sequence. For instance, it is 
beneficial to apply prows of second solder balls 452 on the 
second substrate 41 (p-1, preferably p=16) and perform steps 
501 to 503 for p first pieces 42 before positioning and heating. 
0040. While the invention has been illustrated and 
described in detail in the drawings and foregoing description, 
such illustration and description are to be considered illustra 
tive or exemplary and not restrictive; the invention is not 
limited to the disclosed embodiments. 

0041 Any structure obtainable by a method comprising at 
least steps 501, 511, 502,504 and 505 is considered to fall 
under the scope of this invention. Also, a device for perpen 
dicular attaching two pieces capable of carrying out the 
method according to the present invention (therefore includ 
ing at least means for depositing first and second solder balls, 
positioning means for transversely positioning the two pieces 
and heating means) falls under the scope of the present inven 
tion. The radiation detector may also be a direct conversion 
radiation detector, wherein the scintillator material is 
replaced by direct conversion material, such as CZT or CdTE, 
and instead of a photodiode an alternate vertical structure 
(e.g. a Support strip or a computer chip attached to the direct 
conversion material) is used. 
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0042. Other variations to the disclosed embodiments can 
be understood and effected by those skilled in the art in 
practicing the claimed invention, from a study of the draw 
ings, the disclosure, and the appended claims. In the claims, 
the word “comprising does not exclude other elements or 
steps, and the indefinite article “a” or “an' does not exclude a 
plurality. A single processor or other unit may fulfill the 
functions of several items recited in the claims. The mere fact 
that certain measures are recited in mutually different depen 
dent claims does not indicate that a combination of these 
measured cannot be used to advantage. 

1. Radiation detector element comprising at least one pho 
todiode having a first main Surface extending along a first 
main axis and a detector element Substrate having a second 
main Surface extending along a second main axis which is 
oriented transversally with respect to the first main axis, 
wherein the photodiode is in electrical contact with the detec 
torelement Substrate through at least one connection, wherein 
the connection comprises two fused solder balls, wherein a 
first of the two fused solder balls contacts the photodiode and 
a second of the two fused solder balls contacts the detector 
element substrate. 

2. The radiation detector element according to claim 1, 
wherein the first main axis of the photodiode is oriented 
Substantially perpendicular with respect to the second main 
axis of the detector element substrate. 

3. The radiation detector element according to claim 1, 
wherein a composition of the first solder ball and/or the sec 
ond solder ball comprises Bismuth, preferably a Bismuth-Tin 
alloy or a Bismuth-Tin-Indium alloy. 

4. The radiation detector element according to claim 1, 
further comprising a Scintillating material coupled to the pho 
todiode, wherein the scintillating material preferably com 
prises two stacked Scintillating layers. 

5. The radiation detector element according to claim 1, 
further comprising a radiation shielding element coupled to 
the photodiode, preferably a shielding element comprising 
tungsten. 

6. The radiation detector element according to claim 1 
comprising at least 32 connections, preferably comprising at 
least 36 connections, and, comprising at least 16 photodiodes. 

7. The radiation detector element according to claim 1, 
wherein the first main surface lies in a first plane and the 
second main Surface lies in a second plane, said first plane and 
second plane are aligned transversely with respect to each 
other. 

8. A medical imaging device. Such as a computed tomog 
raphy device, comprising at least one radiation detector ele 
ment according to claim 1. 

9. A Method for constructing a radiation detector compris 
ing at least one photodiode having a first main Surface extend 
ing along a first main axis and a detector element Substrate 
having a second main Surface extending along a second main 
axis; the method comprising the steps of 

applying a first solder ball to the first main surface of the 
photodiode; 

applying a second solder ball to the second main Surface of 
the detector element substrate; 

flattening said first solder ball and/or said second solder 
ball; 

positioning the photodiode Such that the first main axis is 
oriented transversally, at an angle C, with respect to the 
second main axis, wherein the first solder ball and the 
second solder ball are placed in proximity with respect 
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to each other, such that the first solder ball will wet the 
second solder ball when it expands upon a heating: 

heating the first solder ball and the second solder ball to a 
temperature above the melting point of the first solder 
ball and the second solder ball. 

10. The method according to claim 9, further comprising 
applying a Scintillating layer and/or a shielding layer to the 
photodiode. 

11. The method according to claim 9, whereina is between 
80° and 90°, preferably between 85° and 90°, more preferably 
between 89° and 90° and most preferably between 89.5° and 
900. 

12. The method according to claim 9, wherein the step of 
flattening the first solder balls and/or second solder ball com 
prises pressing the first and/or second solder ball, preferably 
heated pressing at a temperature below the melting tempera 
ture of the first and/or second solder ball or solder balls to be 
pressed. 

13. The method according to claim 9, wherein the first 
solder ball and the second solder ball have a diameter smaller 
than 500 microns, preferably approximately 300 microns. 

14. The method according to claim 9, wherein the step of 
heating comprises laser heating. 

15. The method according to claim 9, wherein there are at 
least two first solder balls and at least two second solder balls 
which in the step of heating are heated simultaneously. 

k k k k k 
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